Coffee is one of the three most widely traded foodstuffs and the second largest commodity industry worldwide. Coffee Arabica is generally more appreciated for its organoleptic features and, thus, it is the most expensive. Different geographical origins of coffee will also provide different coffee characteristics, beverage attributes and could increase its value. Thus, it becomes essential to use faster analytical techniques that allow differentiation and determination of inner coffee composition and quality. A technology that can be used for these requirements is Fourier transform infrared (FTIR) spectroscopy. The purpose of this study is to use FTIR as a new and smart technology for coffee quality evaluation in term of moisture content and geographical origins differentiation. IR spectrum was recorded for a total of 54 roasted coffee bean samples (110 gr each) from six different geographical origins in Indonesia. Classification and moisture content prediction were modeled using principal component analysis (PCA) and partial least square regression (PLSR) respectively. The result showed that FTIR combined with PCA can successfully 100% differentiate Arabica coffee samples based on their geographical origins. Moreover, FTIR and PLSR method was able to instantly predict moisture content of this coffee accurately (correlation coefficient between predicted and actual data (r) is 0.992 and standard error calibration (SEC) is 0.005). These results may conclude that FTIR technology can be used as a new and fast technique to classify coffee based on geographical origins and predict coffee moisture content.
INTRODUCTION
Coffee is the world's most popular beverage after water, and one of the most important raw materials within the international trade for which quality is quintessential. Interest in coffee quality assessment is impelled by the need to supply the consumer with a consistently high quality product at an affordable price. Indeed, quality is a major aspect for the modern coffee industry because a high quality product is the basis for success in today's particularly competitive market. Among the several species of the genus coffee identified so far, two of these varieties are economically and commercially important: Coffee arabica and coffee robusta. Both coffee varieties differ mutually from a botanical perspective and in terms of quality features [1] .
Arabica beans are more valued by the trade because they are considered to have a finer flavor and therefore more appreciated by the consumers than robusta. At present, most commercially available coffee beverages are produced from arabica and robusta roasted beans or blends of these two varieties. This raises the possibility of fraudulent or accidental mislabelling, a subject of concern to food processors and regulatory authorities. Thus, it is important that the varieties of raw beans and of various coffee products can be properly identified. A trained inspector can easily distinguish raw arabica and robusta beans by differences in size and color. However, after roasting and milling, these visual indicators are eliminated, and identification of ground roast coffees requires alternative procedures.
Food quality encompasses sensory properties, nutritive values, mechanical properties, functional properties and presence of defects. The majority of traditional techniques used for quality assurance are costly, labor intensive and time consuming, an example being sensory panel evaluation that, to this date, is the ultimate tool to assess coffee quality. Besides being costly and time consuming, sensory panels are inadequate for employment in routine analysis in food processing facilities. In this scenario, infrared spectroscopy is gaining attention since it has been demonstrated capable of solving some of the problems presented by traditional techniques [2] .
In particular, much attention has been given to FTIR and NIR spectroscopy. The FTIR spectrum detects fundamental vibrations in the mid-infrared region (4000-400 cm 1) whereas the NIR spectrum (2500-800 nm) arises from the molecular absorptions of overtones and combinations of fundamental vibrational bands in the mid-infrared region. These techniques are rapid, nondestructive and require minimum sample preparation [3] . The feasibility of using infrared spectroscopy in combination with multivariate statistics has been examined with notable success in coffee quality evaluation, with applications including discrimination and quantification of robusta and Arabica blend, coffee adulteration, and prediction coffee sensory properties [4] [5] [6] . Therefore, the main purpose of this study is to use FTIR as a new and smart technology for coffee quality evaluation in term of moisture content and geographical origins differentiation.
MATERIALS AND METHODS

Samples
Material used in this present study were 54 bulk coffee bean samples (110 g per bulk) from different geographical origins around Indonesia from Sumatra, Java and Sulawesi islands.
Infrared spectra measurement
Infrared spectra data of all coffee bean samples were acquired in form of diffuse reflectance spectral data. Sample measurement with integrating sphere was chosen as a basic measurement and background spectra correction was performed every hour automatically. Diffuse reflectance spectra in wavelength range of 1000 -2500 nm with the increment of 0.2 nm resolution were acquired 32 times and averaged.
Moisture content measurement
Actual moisture content of coffee bean samples was determined by Thermogravimetry method. This reference quality attribute was measured in triplicate and averaged.
Geographical origin classification model
Infrared coffee spectra data acquired from the NIR instrument were analyzed through principal component analysis (PCA). It employs a mathematical procedure that transforms a set of possibly correlated response variables into a new set of non-correlated variables, called principal components. The geographical origin classification was clustered using the PCA analysis with maximum 7 principal components.
Moisture content prediction model
Calibration was performed to develop prediction model used for moisture content prediction. The model was established using the partial least square regression (PLSR). Calibration models were established between reference measurement data as y-variable and coffee bean spectra data as x-variable. The model was validated and tested using a 10 fold cross validation method. The performance of prediction models was quantified based on calibration and cross validation result according to the correlation coefficient of calibration, the standard error of calibration (SEC), and the number of latent variables (LVs) required to establish the model.
RESULTS AND DISCUSSION
Coffee classification
The PCA result as shown in Fig.1 show clusters of coffee bean based on their geographical origins. The first principal component accounts for as much of the variability in the data as possible, and each succeeding component accounts for as much of the remaining variability as possible. PCA is used as a tool for screening, extracting, compressing and discriminating samples based on their similarities or dissimilarities of multivariate data. The first PC (PC1) accounted 99% of all spectra data while remaining 1% was explained by the second component (PC2). It may say that FTIR technology was able to differentiate coffee beans based on their geographical origins. Moisture content prediction PLSR method were applied as regression approach to predict moisture content of intact coffee bean. Calibration and validation achieved a correlation coefficient (r) resulted in this prediction is 0.992 and standard error calibration (SEC) is 0.005 and RPD index is 1.94. A value between 1.6 and 2 indicates that quantitative predictions are possible, and can be seen as promising prediction accuracy. Scatter plot of predicted and measured moisture content derived from PLSR model was presented in Fig. 2 . 
CONCLUSIONS
The overall calibration result sufficiently demonstrate that FTIR can be successfully used as a fast and non-destructive measurement of moisture content of intact coffee beans. This technique was also able to distinguish coffee bean samples based on their geographical origins. The obtained results in this present work show the high potential of FTIR as a fast and effective technique for determination of quality parameters of intact coffee beans.
